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METHOD AND APPARATUS FOR STORING 
AN UNINTERRUPTED DIGITAL VIDEO 

STREAM 

TECHNICAL FIELD 

The invention relates generally to the storing of digital 
video streams and more particularly to the storing of unin 
terrupted digital video streams using a motion-sensitive 
memory system, such as an optical memory system. 

BACKGROUND ART 

Present electronic devices alloW for the recording of video 
data in a digital format. A common format for recording 
digital video data is de?ned by the Motion Picture Expert 
Group (MPEG) and is knoWn as the MPEG format. Because 
digital video data is extremely voluminous, the MPEG 
format alloWs captured digital video data to be compressed 
before it is stored. Digital video data is stored on a variety 
of media, including magnetic tapes, magnetic disks, and 
optical disks. In the optical storage ?eld, digital video data 
is commonly stored on read only memory (ROM) disks, 
such as digital video disks (DVDs). 

Current advances in the optical storage ?eld include 
optical memory systems that alloW Writing and/or reWriting 
of data onto optical disks. In Writing data to an optical disk, 
a Write head directs a beam of laser light into narroW 
recording tracks on the optical disk. UnWanted motion of the 
Write head during Writing can cause the laser beam to 
improperly contact the desired recording track, thereby 
degrading the quality of the recorded data. Because of the 
motion sensitivity of optical Writing systems, optical Writing 
systems are typically employed only in stable devices, such 
as desktop computers. 
As previously noted, video images captured in digital 

video format require a large volume of storage memory. 
Because of the large storage capacity of optical storage 
systems, it is desirable to optically record or Write digital 
video data onto an optical disk. For example, a handheld 
video camera equipped With an optical memory system that 
Writes data onto an optical disk provides the ability to 
capture a large volume of video data Without having to 
repeatedly exchange the storage media. 

One problem With Writing digital video data to an optical 
disk incorporated into a handheld video camera is that 
optical memory systems are motion-sensitive and a hand 
held camera is susceptible to motion caused by the user or 
the environment of the user (i.e., recording digital video data 
While traveling in a moving car). FIG. 1 is a depiction of the 
components of a handheld digital video camera system 10 
that records digital video data onto an optical memory disk. 
The digital video capture device 12 is a conventional video 
camera that combines optical lenses and a charge coupled 
device (CCD) array to electronically capture image data in 
a digital format. Digital video data that is captured in the 
digital video capture device is forWarded to a compression 
unit 14 that compresses the digital video data using conven 
tional compression techniques. The compressed digital 
video data is forWarded to a Write buffer 16 that buffers the 
compressed digital video data in order to smooth out the 
delivery of the compressed video data to an optical memory 
system 18. 

The Write buffer 16 is typically made up of a ?xed amount 
of RAM memory that is incorporated into the video camera 
circuitry. The conventional optical memory system includes 
a Write head and an optical disk spindle. The Write head 
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2 
includes a laser source that is used to optically Write digital 
video data to the narroW tracks of an optical disk that is 
located on the optical disk spindle. As stated above, the 
Writing process is a very motion sensitive and precise 
operation. If mechanical disturbances beyond a certain 
threshold are encountered by an optical memory system 
during data Writing, it is likely that the data Writing Will be 
adversely affected. For example, When data Writing is con 
tinued during a mechanical disturbance, video data recorded 
on adjacent tracks of the disk may be destroyed or rendered 
unreadable. In order to minimiZe the problems involved With 
Writing to an optical memory system, it is desirable to 
momentarily stop recording When unacceptable mechanical 
disturbances, measured as motion or acceleration, are 
detected by an acceleration detection device, such as an 
accelerometer 20. 
While momentarily stopping Writing to an optical disk 

during periods of mechanical disturbances avoids recording 
inaccurate digital video data and/or destroying data on 
adjacent tracks, possibly rendering the disk unreadable, a 
different problem may be created if data Writing is sus 
pended for too long a period of time. The problem involves 
over?oWing the Write buffer 16 that is located betWeen the 
compression unit 14 and the optical memory system 18. 
Assuming a continuous stream of digital video data is being 
generated by the video capture device 12 during the time that 
Writing to the optical memory system is suspended, the Write 
buffer is accumulating the digital video data that cannot be 
Written to the optical memory system. If the Write buffer 
reaches its storage capacity, instead of having unreliable data 
recorded because of mechanical disturbances, complete por 
tions of digital video data Will be lost as the Write buffer 
begins to drop data for Which it has no storage capacity. 

Prior art solutions to the problem of Writing data in spite 
of mechanical disturbances include increasing the siZe of the 
Write buffer 16 and/or increasing the Write head tracking 
bandWidth of the optical memory system 18. For example, 
the Write buffer can be made suf?ciently large such that 
digital video data captured during a mechanical disturbance 
is absorbed into the large Write buffer until the optical 
memory system can resume recording. While increasing the 
capacity of the Write buffer may Work Well, it may not be 
cost-effective to simply add RAM to the Write buffer. 
Regarding increasing the Write head tracking bandWidth of 
the optical memory system for the purpose of solving the 
Writing problem, additional mechanical stabiliZation Would 
likely have to be added to the memory system along With 
feed forWard control of the Write head actuator based on 
input from the accelerometer to stabiliZe the Write head and 
the optical disk. Again, this adds to the expense of the video 
system and may not be cost-effective. 

In vieW of the stated shortcomings of the techniques used 
to overcome the problems involved With storing digital 
video data With motion-sensitive memory systems, What is 
needed is a method and apparatus that can store uninter 
rupted streams of compressed digital video data even When 
mechanical disturbances cause data Writing to be tempo 
rarily interrupted. 

It is important to note that there is a large volume of prior 
art that deals With increasing the capture rate for recording 
video data that includes images in a ?rst pace motion, such 
as a horse running in front of a ?xed landscape, and that 
deals With minimiZing the shake that is perceived in a video 
stream that is recorded With an unsteady camera. Although 
prior art concerning these tWo concerns may seem related to 
the present disclosure, this prior art is only concerned With 
hoW video data is captured and compressed, rather than hoW 
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the video data is transferred to a long-term storage medium, 
such as an optical disk. 

SUMMARY OF THE INVENTION 

A method and apparatus for storing an uninterrupted 
digital video stream With a motion-sensitive memory system 
involve monitoring the acceleration experienced by the 
memory system and adjusting the compression of the digital 
video stream in response to the acceleration. In the preferred 
embodiment, a threshold-related condition is established 
such that detection of the condition simultaneously triggers 
a suspension of data Writing and an increase in a data 
compression ratio. As long as an acceleration threshold is 
not exceeded, the compressed digital video data is Written to 
an optical disk by an optical memory system. HoWever, 
When an occurrence, such as a mechanical disturbance, 
causes the acceleration threshold to be exceeded, data Writ 
ing is suspended, because the acceleration jeopardiZes the 
reliability of the data Writing. When acceleration causes data 
Writing to be suspended, the compression of the digital video 
data is increased so that the digital video is not lost While it 
continues to be captured by a video capture device. 

In the preferred embodiment of the invention, the unin 
terrupted digital video streams are captured and stored With 
a handheld digital video camera that records compressed 
digital video data With an on-camera optical memory system 
that utiliZes an optical disk, such as an 8 cm digital video 
disk (DVD). The components of the digital video system 
include a video capture device, a compression unit, a Write 
buffer, an optical memory system, an acceleration detection 
unit, and a compression controller. The video capture device 
utiliZes optical lenses to focus light from objects of interest 
onto an array of charged coupled device (CCD) sensors. The 
CCD array outputs digital data that is formatted into digital 
video data according to the MPEG II standard and the 
quality of the digital video data corresponds to the resolution 
of the CCD array and the speed With Which video data is 
extracted from the CCD array. 

The compression unit receives digital video data from the 
video capture device and compresses the digital video data 
to maximiZe the amount of data that can be stored by the 
associated optical memory system. The compression unit 
compresses digital video data at a particular compression 
ratio, Where the compression ratio is de?ned as the volume 
of compressed data that is generated from a given volume of 
uncompressed data. 

The Write buffer is memory that temporarily stores com 
pressed digital video data in order to average the transfer rate 
of the data that is forWarded to the optical memory system. 
The Write buffer includes RAM memory that is sufficiently 
large to store digital video data that accumulates during 
temporary interruptions of data Writing to the optical 
memory system. 

The optical memory system includes a Write head and an 
optical disk, Where the Write head utiliZes a laser source that 
generates a narroW beam of laser light to Write digital data 
into tracks of the optical disk. In order to accurately generate 
the physical changes in an optical disk at the required data 
density, the laser beam must be directed onto the optical disk 
With extreme accuracy. If mechanical disturbances create 
acceleration of the optical memory system beyond the 
established acceleration threshold, data Writing must be 
temporarily suspended until acceleration is Within the 
acceptable parameters. Data Writing must be temporarily 
suspended because the Writing of the data to the optical disk 
becomes unreliable as a result of unpredictable motion 
betWeen the Write head and the optical disk. 
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4 
The acceleration detection unit is used to detect accelera 

tion of the digital video system, and speci?cally of the 
optical memory system. The acceleration detection unit may 
include an accelerometer that directly senses acceleration of 
the optical memory system. Alternatively, the acceleration 
detection unit may include specialiZed circuitry that ana 
lyZes captured video frame data to calculate acceleration of 
the optical memory system. 
The interaction of the compression controller, the accel 

eration detection unit, and the compression unit is the focus 
of the invention. The compression controller includes logic 
that is operatively connected betWeen the acceleration detec 
tion unit and the compression unit. The function of the 
compression controller is to indicate to the compression unit 
that the digital video compression ratio should be adjusted to 
account for time periods When Writing to the optical memory 
system has been suspended because of occurrences, such as 
mechanical disturbances, that impose conditions in Which 
the acceleration threshold is exceeded. In order to in?uence 
the compression unit, the compression controller receives 
input data from the acceleration detection unit concerning 
any accelerations that the optical memory system is being 
subjected to. If the optical memory system is being subjected 
to accelerations greater than the pre-established acceleration 
threshold, the compression controller calculates the adjust 
ments in the compression ratio that are necessary to com 
pensate for the time that Writing by the optical memory 
system is suspended. The goal of the adjusted compression 
ratio is to ensure that the Write buffer does not over?oW With 
digital video data that is streaming from the video capture 
device While Writing to the optical memory system is 
suspended. If the Write buffer Were alloWed to over?oW With 
streaming digital video data, video data Would be perma 
nently lost and vieWed video images may look choppy 
and/or incomplete. 
The compression controller unit includes logic that alloWs 

the compression controller to respond differently to periodic 
mechanical disturbances than to random mechanical distur 
bances. For example, based on information from the accel 
eration detection unit, the compression controller can iden 
tify When periodic mechanical disturbances are occurring 
and subsequently adjust the compression ratio of the com 
pression unit in advance of succeeding periodic mechanical 
disturbances. If the disturbances cease to occur in a periodic 
fashion, then the compression controller can indicate to the 
compression unit to return to a standard compression ratio. 
In contrast, the compression controller can, in conjunction 
With the acceleration detection unit, identify When a random 
mechanical disturbance has occurred that requires the com 
pression ratio of the compression unit to be adjusted. Since 
there is no Way of predicting When a random mechanical 
disturbance Will occur or hoW long the random disturbance 
Will last, the compression ratio is adjusted over a time 
interval that is subsequent to at least the start of the mechani 
cal disturbance. 

In an enhanced version of the digital video system, the 
compression controller receives storage level information 
from the Write buffer, and this information is used in addition 
to the acceleration detection unit information to adjust the 
compression ratio of the compression unit. That is, if the 
Write buffer indicates to the compression controller that the 
Write buffer is near its storage capacity, then the compression 
controller can increase the compression ratio achieved by 
the compression unit in order to reduce the incoming How of 
Write compressed digital video data to the Write buffer and 
therefore preserve the uninterrupted digital video stream. 
An advantage of the invention is that uninterrupted digital 

video streams can be recorded even When data Writing is 
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temporarily suspended Without requiring expensive modi? 
cations to a digital video system, such as adding large 
amounts of RAM or increasing mechanical stability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a depiction of the components of a handheld 
digital video system that records digital video data onto an 
optical memory disk in accordance With the prior art. 

FIG. 2 is a depiction of the components of a handheld 
digital video system that records digital video data onto an 
optical memory disk in accordance With the invention. 

FIG. 3 is a graph of the acceleration of the handheld 
digital video system of FIG. 2 Where the acceleration occurs 
in a periodic pattern. 

FIG. 4 is a graph of the acceleration of the handheld 
digital video system of FIG. 2 Where the acceleration 
randomly occurs. 

FIG. 5 is a process How diagram for storing an interrupted 
digital video stream in accordance With the invention. 

DETAILED DESCRIPTION 

FIG. 2 is a depiction of the components of a digital video 
system 30 that stores uninterrupted digital video streams in 
accordance With the invention. As With the prior art system 
of FIG. 1, the digital video system includes a video capture 
device 32, a compression unit 34, a Write buffer 36, an 
optical memory system 38, and an acceleration detection 
unit 40. In addition, the digital video system of the invention 
includes a compression controller 42 that operates to control 
the compression ratio of the compression unit, as Will be 
described in further detail beloW. Preferably, the digital 
video system is a portable handheld video camera that can 
be operated by a single user to record video streams. The 
components of the digital video system are described ?rst, 
folloWed by a description of the operation of the system. 

The video capture device 32 utiliZes optical lenses to 
focus light from objects of interest onto an array of sensors. 
The array of sensors is preferably a CCD array With a 
resolution that corresponds to the number and siZe of pixels 
in the array. The CCD array outputs video data that is 
formatted into digital video data according to the MPEG 
standard, although formatting according to the MPEG stan 
dard is not critical to the invention. The quality of the digital 
video data corresponds to the resolution of the CCD array 
and the speed With Which video data is extracted from the 
CCD array, for example, hoW many frames of video data are 
captured per second. 

The compression unit 34 receives the digital video data 
from the video capture device 32 and compresses the digital 
video data to maximiZe the amount of data that can be stored 
by the associated storage system. Preferably, the compres 
sion unit compresses the video data according to MPEG 
standards, although other formats are possible. The com 
pression unit is formed With conventional circuitry and may 
include buffer memory Which alloWs the temporary storage 
of video strings that are aWaiting compression. The com 
pression unit compresses digital video data at a particular 
compression ratio, Where the compression ratio is de?ned as 
the volume of compressed data that is generated from a 
given volume of uncompressed data. The compression unit 
may also include decompression circuitry that alloWs stored 
digital video data to be decompressed for vieWing on, for 
instance, an on-camera display (not shoWn). 

The Write buffer 36 is memory that temporarily stores 
compressed digital video data before the data is forWarded 
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6 
to the optical memory system 38. Preferably, the Write buffer 
includes RAM memory that can store enough compressed 
digital video data to provide a steady stream of video data to 
the optical memory system during Write operations. In an 
enhanced embodiment of the invention, the Write buffer is 
able to generate a real-time indication of available storage 
capacity in the Write buffer. Use of the storage capacity 
indicator is described in detail beloW. 
The optical memory system 38 is a system that is able to 

optically Write data to a storage medium. The optical 
memory system includes a Write head and an optical disk. 
The Write head includes a laser that generates a narroW beam 
of laser light. The narroW beam of laser light is projected 
onto precise tracks of the optical disk in order to cause 
physical changes in the tracks of the optical disk that 
represent the digital data. In order to precisely form the 
physical changes in an optical disk at the required density, 
the laser beam must be directed onto the optical disk With 
extreme accuracy. A combination of movements of the Write 
head and the optical disk are used to position the laser beam 
in the proper position to Write data onto the disk. If mechani 
cal disturbances create acceleration of the optical memory 
system 38 beyond acceleration thresholds, or tolerances, that 
are pre-established by, for example, the manufacturer, data 
Writing can be temporarily suspended until acceleration is 
Within the acceptable thresholds. Acceleration thresholds are 
typically set With a margin of error that ensures the reliabil 
ity of data Writing as long as the system is Within the 
thresholds. Preferably, the optical memory system utiliZes 
standard 8 cm or 12 cm optical disks, although other siZes 
and other types of optical disks are possible. Additionally, 
although an optical memory system is described in the 
preferred embodiment, other motion-sensitive memory sys 
tems may be substituted as the memory system. For 
example, as Will become apparent to one of ordinary skill in 
the art, magnetic disk drives that require precise location of 
magnetic Write heads may also be adapted to utiliZe the 
invention. 
The acceleration detection unit 40 is used to detect 

acceleration, or motion, of the digital video system 30 and 
speci?cally the optical memory system 38. The acceleration 
detection unit may include an accelerometer 44 that directly 
senses acceleration of the video system or the acceleration 
detection unit may include specialiZed circuitry that ana 
lyZes captured video frame data to calculate acceleration of 
the video system. To calculate acceleration, motion vectors 
are forWarded from the compression unit 34 or the video 
capture device 32 to the acceleration detection unit, Where 
the motion vectors are converted into acceleration informa 
tion. Motion vectors can be determined With conventional 
techniques that utiliZe differential changes in pixel values 
over small time increments to determine motion direction 
and rate. It should be noted that camera motion shoWs up as 
common mode motion of all of the pixels betWeen frames, 
Whereas the motion of subjects Within frames appears as 
relative motion betWeen pixels. In either case, the accelera 
tion detection unit is operationally associated With the 
optical memory system and the compression controller 42. 
With regard to the optical memory system, the acceleration 
detection unit indicates to the optical memory system the 
level of acceleration that is being experienced by the optical 
memory system. If the level of acceleration exceeds estab 
lished acceleration thresholds, then the optical memory 
system can suspend data Writing operations. Although tWo 
acceleration detection techniques are described, other tech 
niques may be implemented in accordance With the inven 
tion. 
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The compression controller 42 includes logic that is 
operatively connected betWeen the acceleration detection 
unit 40 and the compression unit 34. The function of the 
compression controller is to indicate to the compression unit 
that the digital video compression ratio should be adjusted to 
account for time periods When Writing to the optical memory 
system 38 has been suspended because of mechanical dis 
turbances. In order to in?uence the compression unit, the 
compression controller receives input data from the accel 
eration detection unit concerning any accelerations that the 
optical memory system is being subjected to. If the optical 
memory system is subjected to accelerations greater than a 
pre-established threshold, the compression controller calcu 
lates the adjustments in compression ratio that are necessary 
to compensate for the time that Writing by the optical 
memory system is suspended. 

The compression controller 42 includes logic that alloWs 
the compression controller to respond differently to periodic 
mechanical disturbances, as compared to random mechani 
cal disturbances. For example, based on information from 
the acceleration detection unit 40, the compression control 
ler can identify When periodic mechanical disturbances are 
occurring and can adjust the compression ratio of the 
compression unit in advance of succeeding periodic 
mechanical disturbances. If the disturbances cease to occur 
in a periodic fashion, then the compression controller can 
indicate to the compression unit 34 to return to a standard 
compression ratio. In contrast, the compression controller 
can, in conjunction With the acceleration detection unit, 
identify When a random mechanical disturbance has 
occurred that requires the compression ratio of the compres 
sion unit to be adjusted because the Writing operations have 
been suspended. Since there is no Way of predicting When a 
random mechanical disturbance Will occur or hoW long the 
random disturbance Will last, the compression ratio is 
adjusted over a time interval that is subsequent to at least the 
start of the mechanical disturbance. Operation of the digital 
video system 30 is described in detail beloW in relation to 
periodic mechanical disturbances and in relation to random 
mechanical disturbances. 

In an enhancement of the operation of the compression 
controller 42, the compression controller receives Write 
buffer storage level information that is used in addition to the 
acceleration detection unit information to adjust the com 
pression ratio of the compression unit 34. That is, if the Write 
buffer indicates to the compression controller that the buffer 
is near its storage capacity, then the compression controller 
can increase the compression ratio achieved by the com 
pression unit in order to reduce the rate of How of com 
pressed digital video data to the Write buffer 36. 

Operation of the system in relation to periodic mechanical 
disturbances is described With reference to FIG. 3. FIG. 3 is 
a graph of the acceleration of the digital video system 30, 
and more speci?cally the optical memory system 38, in tWo 
directions versus time in the situation Where the acceleration 
is encountered in a periodic pattern. In the graph, time 
intervals are identi?ed by vertical dashed lines at each 
complete period of the periodic acceleration curve 50. The 
acceleration thresholds in the tWo directions of acceleration 
are identi?ed by the horiZontal dashed acceleration threshold 
lines, Where the acceleration thresholds identify the rate of 
acceleration that requires the suspension of data Writing by 
the optical memory system 38. Once the rate of acceleration 
of the digital video system 30, as identi?ed by the accel 
eration curve, exceeds an acceleration threshold, Writing to 
an optical disk by the optical memory system is suspended 
for the entire period of time that the acceleration tolerance 
is exceeded. 
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Referring back to FIG. 2, to begin storing uninterrupted 

digital video streams, digital video data is captured into a 
digital electronic format through the video capture device 
32. Simultaneously With the capture of the digital video data, 
the acceleration detection unit 40 is monitoring the accel 
eration of the digital video system to determine if the 
pre-established acceleration thresholds have been exceeded. 
If the acceleration thresholds are not exceeded, then no 
modi?cation of the compression ratio used by the compres 
sion unit 34 is necessary. If, on the other hand, as depicted 
in the graph of FIG. 3, the acceleration thresholds are 
exceeded, the compression ratio is adjusted appropriately. 
While in operation, the compression controller 42 constantly 
monitors the acceleration of the digital video system to 
determine if mechanical disturbances are occurring on a 
periodic basis. For example in FIG. 3, after tWo cycles of 
periodic disturbances are detected, the compression control 
ler identi?es the periodic nature of the disturbances and 
adjusts the compression ratio of the compression unit to 
compensate for the time intervals during Which Writing by 
the optical memory system 38 is suspended. 
Once periodic mechanical disturbances have been 

identi?ed, the compression controller 42 determines hoW the 
compression of the digital video data must be altered to 
account for the time periods When data Writing is suspended. 
For example, in the ?rst time interval beginning at t0 and 
ending at t1, data Writing is suspended in the time interval 
from point 52 to point 54 and in the time interval from point 
56 to point 58, leaving the remaining time for data Writing. 
As a result, the compression controller Will direct the 
compression unit to increase the compression ratio of the 
digital video data, so that the data Writing can keep pace With 
the rate of digital video capture even though the data Writing 
must occur in a period of time that is shorter than the period 
of time utiliZed for digital video capture. The compression 
ratio is increased so that When the compressed digital video 
data is sent to the Write buffer 36, the Write buffer does not 
reach capacity before the optical memory system 38 resumes 
Writing. In an enhanced version of the digital video system 
30, the Write buffer indicates its storage level to the com 
pression controller in real-time, so that the compression 
controller can adjust the compression ratio not only in 
response to the mechanical disturbances but in response to 
the current storage level of the Write buffer. 

To complete the storage of uninterrupted digital video 
streams, the digital video that has been compressed to 
compensate for mechanical disturbances is forWarded to the 
Write buffer 36 for temporary storage before being for 
Warded to the optical memory system 38. During the time 
intervals When the acceleration tolerances are Within the 
acceptable limits, the optical memory system receives com 
pressed digital video data from the Write buffer and Writes 
the data to an optical disk, thereby recording uninterrupted 
digital video streams even though data Writing Was tempo 
rarily suspended. 

Operation of the system in relation to random mechanical 
disturbances is described With reference to FIG. 4. FIG. 4 is 
a graph of acceleration of the digital video system 30, and 
speci?cally the optical memory system 38, in tWo directions 
versus time in a situation Where the acceleration curve 60 is 
distributed in a random manner. In the graph, arbitrary time 
intervals are identi?ed With vertical dashed lines and the 
acceleration thresholds in the tWo directions of acceleration 
are identi?ed by the horiZontal dashed acceleration threshold 
lines, Where the acceleration thresholds identify the rate of 
acceleration that requires the suspension of data Writing by 
the optical memory system. 
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Referring back to FIG. 2, to begin storing uninterrupted 
digital video streams in the case of random mechanical 
disturbances, digital video data is captured into a digital 
electronic format through the video capture device 32. 
Simultaneous With the capture of the digital video data, the 
acceleration detection unit 40 is monitoring acceleration of 
the digital video system 30 to determine if the preestablished 
acceleration thresholds have been exceeded. If the accelera 
tion thresholds are not exceeded, no modi?cation of the 
compression ratio used by the compression unit 34 is 
necessary. If, on the other hand, as depicted in the graph of 
FIG. 4 the acceleration thresholds are exceeded, the com 
pression ratio is adjusted appropriately. For example, in a 
?rst time interval beginning at t0 and ending at t1, the 
acceleration threshold is exceeded during the time interval 
starting at point 62 and ending at point 64 and as a result data 
Writing by the optical memory system 38 is suspended for 
the identi?ed time period. 

In order to properly adjust the compression ratio of the 
digital video data, the compression controller 42 sets arbi 
trary time intervals and then measures the amount of time 
during a time interval that the acceleration thresholds are 
exceeded and Writing is suspended. The compression con 
troller then determines the adjustment in the compression 
ratio that is required in order to ensure that the Write buffer 
36 does not over?oW and lose portions of the digital data. 
The adjusted compression ratio is implemented at the begin 
ning of the second time interval and continued as long as 
necessary to maintain a steady state, or nearly steady state, 
of compressed digital video data ?oWing into and out of the 
Write buffer. 

The acceleration curve 60 in the second time interval of 
FIG. 4 beginning at t1 and ending at t2 shoWs that the 
acceleration threshold is not exceeded and as a result, at the 
end of the second time interval the compression ratio is 
adjusted accordingly. For example, the compression ratio is 
loWer for the second time interval than the compression ratio 
that Was required to account for the mechanical disturbance 
encountered in the ?rst time interval. The compression ratio 
determined for the second time interval is implemented 
during the third time interval. 
As can be seen, during the third time interval another 

random mechanical disturbance occurs Where the distur 
bance exceeds the acceleration threshold for a period of time 
greater than the ?rst disturbance. Again, in order to prevent 
the Write buffer from over?oWing, the compression ratio that 
is implemented in the fourth time interval (not shoWn) is 
higher than either of the tWo previous compression ratios in 
order to maintain the Write buffer near a steady state. In an 
enhanced version of the invention, the Write buffer indicates 
to the compression controller 42 the current level of data 
storage, SO that the compression controller can take the 
storage level information into account When adjusting the 
compression ratio for the subsequent time interval. 

To complete the storage of an uninterrupted digital video 
stream, the compression unit 34 compresses the digital video 
data received from the video capture device 32 as directed 
by the compression controller 42. The compressed digital 
video data is then forWarded to the Write buffer 36, Where it 
is stored until it is Written onto an optical disk by the optical 
memory system 38. The optical memory system Writes the 
compressed digital video data to an optical disk Whenever 
the acceleration thresholds are not exceeded, thereby record 
ing uninterrupted digital video streams even though data 
Writing Was temporarily suspended. 

The steps involved in storing uninterrupted digital video 
streams are summariZed in the process How diagram of FIG. 
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5. In a step 70, a digital video stream is generated With a 
digital video capture device. In a step 72, the digital video 
stream is compressed at a ?rst compression ratio. In a step 
74, the compressed digital video stream is Written to a 
memory system that is connected to the video capture 
device, Wherein the memory system and the digital video 
capture device are movable relative to their surrounding 
environment. In a step 76, acceleration of the memory 
system is monitored. In a step 78, the compression of the 
digital video stream is adjusted to a neW compression ratio 
in response to the monitored acceleration of the memory 
system. 
What is claimed is: 
1. A method for storing uninterrupted digital video 

streams comprising the steps of: 
generating a digital video stream With a digital video 

capture device; 
compressing said digital video stream at a ?rst compres 

sion ratio; 
directing said compressed digital video stream to a 
memory system for Writing said compressed digital 
video stream, said memory system being operationally 
connected to said digital video capture device, said 
memory system and said digital video capture device 
being connected to move in combination relative to a 

surrounding environment; 
monitoring acceleration of said memory system relative to 

said surrounding environment; and 
adjusting said compression of said digital video stream to 

a second compression ratio in response to said detect 
ing a preselected condition related to acceleration of 
said memory system; said compression adjusting 
including: 
(1) temporarily suspending Writing operations by said 
memory system in response to detecting that an 
acceleration threshold has been exceeded; 

(2) measuring an amount of time that Writing to said 
memory system is temporarily suspended because 
said acceleration threshold has been exceeded; and 

(3) setting said second compression ratio at a value that 
is based upon said measured amount of time. 

2. The method of claim 1 further comprising a step of 
establishing said acceleration threshold that is selected based 
upon a capability of said memory system to accurately Write 
said compressed digital video stream When subjected to an 
acceleration beyond said acceleration threshold. 

3. The method of claim 2 Wherein said step of adjusting 
includes a step of increasing said digital video compression 
to said second compression ratio When said acceleration 
threshold is exceeded, said second compression ratio being 
greater than said ?rst compression ratio. 

4. The method of claim 1 Wherein said step of adjusting 
further includes steps of: 

monitoring available storage capacity in a Write buffer 
that receives said compressed digital video stream 
before said compressed digital video stream is Written 
to said memory system; and 

increasing said second compression ratio as said available 
storage capacity in said Write buffer decreases. 

5. The method of claim 4 Wherein said step of generating 
said digital video stream includes a step of formatting said 
digital video stream according to a Motion Picture Expert 
Group (MPEG) standard. 

6. The method of claim 4 Wherein said step of monitoring 
acceleration includes a step of receiving acceleration mea 
surements from an accelerometer that is structurally con 
nected to said memory system. 
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7. The method of claim 4 wherein said step of monitoring 
acceleration includes a step of determining acceleration 
through a comparison analysis of motion vectors that are 
calculated from pixel data comparisons, Where pixel data for 
said comparisons is acquired from said digital video stream. 

8. The method of claim 4 Wherein said step of adjusting 
said compression includes a step of identifying periodic 
acceleration patterns from said monitored acceleration. 

9. The method of claim 2 Wherein said memory system is 
an optical memory system that Writes digital video data to an 
optical disk. 

10. An apparatus for capturing digital video streams 
comprising: 

a digital video capture device that generates a digital 
video stream; 

means, operatively associated With said digital video 
capture device, for compressing said digital video 
stream that is generated by said digital video capture 
device into a compressed digital video stream having a 
compression ratio that is measured on a data volume 

basis; 
means, operatively associated With said means for 

compressing, for recording said compressed digital 
video stream; 

means, operatively associated With said means for 
recording, for monitoring an anticipated capability of 
said means for recording to record said compressed 
digital video stream based upon detecting acceleration 
of said means for recording, said means for monitoring 
being con?gured to detect patterns of periodic 
accelerations, said means for monitoring including an 
acceleration detection unit having an output that is 
indicative of motion of said means for recording and 
indicative of detections of said patterns of periodic 
accelerations; and 

means, operatively associated With said means for moni 
toring said anticipated capability and said means for 
compressing, for adjusting said compression ratio of 
said digital video stream in response to detected accel 
eration that exceeds an identi?ed acceleration 
threshold, said means for adjusting further being 
responsive to said detections of said patterns of peri 
odic accelerations When determining said compression 
ratio, said acceleration threshold being based upon 
perceived operational parameters of said means for 
recording. 

11. The apparatus of claim 10 Wherein said means for 
recording comprises an optical recording system. 

12. The apparatus of claim 11 Wherein said optical record 
ing system Writes said compressed digital video stream onto 
an optical disk. 

13. The apparatus of claim 11 Wherein said identi?ed 
acceleration threshold relates to a change of acceleration 
beyond Which said optical recording system is perceived as 
being incapable of accurately recording said compressed 
digital video stream. 

14. The apparatus of claim 13 Wherein said acceleration 
detection unit comprises an accelerometer that is physically 
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connected to said optical recording system, Wherein said 
accelerometer has an output for signaling to said means for 
adjusting When said identi?ed acceleration threshold has 
been exceeded. 

15. The apparatus of claim 13 Wherein said acceleration 
detection unit is operationally associated With said video 
capture device and includes circuitry that calculates accel 
eration of said optical recording system through analysis of 
differential changes in pixel values of said generated digital 
video stream. 

16. The apparatus of claim 13 further including a Write 
buffer connected betWeen said means for compressing and 
said means for recording, said Write buffer having an output 
for indicating to said means for adjusting an available 
storage capacity of said Write buffer. 

17. A method for capturing digital video streams With a 
mobile video capture system comprising the steps of: 

generating a stream of digital video data; 
compressing said stream of digital video data before said 

stream of digital video data is forWarded to an optical 
memory system; 

monitoring acceleration that is experienced by said optical 
memory system, including detecting patterns of peri 
odic accelerations; 

outputting an indicator of said acceleration that is expe 
rienced by said optical memory system; 

selectively adjusting said compression of said stream of 
digital video data in response to said indicator of said 
acceleration that is experienced by said optical memory 
system, Wherein said adjusting of said compression is 
responsive to detecting said patterns; and 

selectively suspending Writing of said stream of digital 
video data onto said optical memory system in response 
to said indicator of said acceleration that is experienced 
by said optical memory system. 

18. The method of claim 17 Wherein said step of selec 
tively adjusting includes steps of: 

establishing an acceleration threshold; 
comparing said indicator of said acceleration to said 

acceleration threshold; and 
increasing said compression of said stream of digital 

video data When said indicator of said acceleration 
exceeds said acceleration threshold. 

19. The method of claim 18 further including steps of: 
monitoring storage capacity of a Write buffer that tempo 

rarily stores said compressed stream of digital video 
data before said compressed stream of digital video 
data is forWarded to said optical memory system; 

outputting an indicator of said storage capacity of said 
Write buffer; and 

adjusting said compression of said digital video data in 
response to said indicator of said storage capacity of 
said Write buffer. 


